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© Method and apparatus for testing the integrity of filter elements. 



© A method and apparatus for testing the integrity 
of filter elements is provided. The filter assembly 
comprises a plurality of filter elements which are 
sub-divided into a plurality of sections. By measuring 
the gas flow rate under known pressure conditions 
through all of the sections or a selected portion of 
the sections, defective filter elements can be isolated 
in a systematic manner. 



Fig. 1 
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The present invention relates to a method and 
apparatus for testing the integrity of filter elements 
in a filter assembly comprising a plurality of filter 
elements. The invention is particularly applicable to 
filter systems comprising a very large number of 
filter elements where the determination of a defec- 
tive element among so many elements becomes 
difficult. 

Large dimensioned filter systems of various 
construction are known in which 100 or more filter 
elements are arranged in one large filter housing. 
In many applications, for example, in the food and 
beverage industry or in the pharmaceutical indus- 
try, large scale filtration also has to be carried out 
under sterile conditions. Not only the filter housing 
but the filter elements along with the filter material 
must be regularly sterilized. Such sterilization per- 
formed for example with hot water or steam can 
deteriorate the integrity of the filter material, espe- 
cially when the sterilization has to be carried out 
frequently. 

Deterioration of the filter material and/or other 
parts of the filter element can also arise in other 
applications, for example, when chemically aggres- 
sive substances or high temperature gases are to 
be filtered. The deterioration of the filter element 
can occur in the form of the filter material itself 
being degraded or a joining of the filter material to 
the filter housing may become defective and act as 
a by-pass, i.e. have an opening greater than pore 
size. 

In large filter systems the degradation of one or 
more individual filter elements can lead to a sub- 
stantial bacteria contamination of the filtered fluid 
and possibly the shut-down of the filtration opera- 
tion. Finding the particular element or elements 
responsible among the 100 or more elements can 
be a very time-consuming task particularly if this is 
done on a trial and error basis. Means of locating 
the defective elements in a systematic way are 
needed. 

The object of the present invention is therefore 
to provide a method of testing the integrity of a 
large number of filter elements and a filter assem- 
bly for carrying out the method by which damaged 
filter elements can be isolated in a rapid, system- 
atic and efficient manner. 

In accordance with the present invention a 
method of testing the integrity of filament elements 
is provided as defined in the claims. A plurality of 
filter elements to be tested, preferably following a 
sterilization procedure, are wetted (preferably with 
water). The filter elements with wetted filter ma- 
terial are then subjected to a gas pressure, prefer- 
ably air pressure, and the resulting gas flow rate 
collectively through all of the filter elements is 
measured. By comparing the measured flow rate 
with a first desired flow rate, the integrity of the 



filter elements of the entire assembly can be deter- 
mined. This is accomplished by calculating the 
amount of deviation between the measured air flow 
rate and the first desired flow rate. If the deviation 

5 falls within a first preset range, this is an indication 
that ali of the elements are intact. 

In a preferred embodiment, when the mea- 
sured gas flow rate exceeds the first desired flow 
rate by an amount outside of the preset range, this 

10 is an indication that at least one of the filter ele- 
ments is defective. In this embodiment, gas pas- 
sage through a first section containing only a por- 
tion ot the plurality of filter elements is then closed 
off. The flow rate through the remaining filter ele- 

75 ments is measured and compared with a second 
desired flow rate corresponding to the resulting 
reduced number of filter elements. When this com- 
parison shows that the measured flow rate is within 
a second preset range, this indicates that the re- 

20 duced number of filter elements are intact, while 
the sought after defective element or elements are 
located in the first section of elements which were 
closed off in the test. 

If however, the defective element or elements 

25 are not found in this first section of closed off 
elements, the above procedure is repeated by suc- 
cessively closing the gas passage in further sec- 
tions until that section is found which has the 
defective element or elements. The test procedure 

30 has the advantage that individual sections of a 
large number of filter elements can be checked in 
a systematic manner. Once the defective section is 
isolated, the individual elements of this section 
being of smaller number can be tested rapidly. 

35 According to the present invention a filter as- 

sembly is also provided for carrying out the above 
method as defined in the claims. The filter assem- 
bly comprises a plurality of filter elements, where 
the elements are sub-divided into a plurality of 

40 sections, each containing a portion of the filter 
elements. Each section is provided with an outlet 
header connected to the individual outlet openings 
of each of the filter elements in its section. The 
assembly further comprises valve means arranged 

45 in an outlet conduit connected to each of the outlet 
headers. With these valve means gas flow can be 
closed off to any particular section during the test 
procedure. This arrangement allows the isolation of 
individual groups of elements, which is an enor- 

50 mous time-saving advantage in locating individual 
damaged elements. 

In a further embodiment, the plurality of filter 
elements are arranged in a common vessel con- 
taining the fluid to be filtered, where each filter 

55 element has a filter material surface which is in 
direct contact with the influent fluid. This arrange- 
ment of the filters provides that the gas pressure 
applied during the integrity test to the filter inlet 



2 



3 



EP 0 518 250 A1 



4 



surface is the same for all filter elements. 

In a further embodiment it has been found that 
the sections of filter elements should preferably 
comprise 2 to 15 filter elements, more preferably 3 
to 7 filter elements. 

Further objects and advantages of the present 
invention will become apparent through the follow- 
ing description of preferred embodiments in con- 
junction with the drawing. 

Fig. 1 shows a preferred embodiment of the 
filter assembly according to the present invention. 

Figs. 2a to 2d show a further embodiment of 
the filter assembly according to the present inven- 
tion. 

Turning to Fig. 1, a filter assembly in accor- 
dance with one embodiment of the present inven- 
tion is shown. A plurality of filter elements 1 are 
arranged in a housing shown in the form of a large 
vessel 6. An inlet conduit 8 communicates with the 
inner volume of the vessel 6. After passing the filter 
elements 1 , the filtrate leaves the vessel 6 through 
the conduits 5. Outlet conduit 7 collects the out- 
going filtrate. The basic elements of the filter as- 
sembly described above are shown in Fig. 2 in 
another embodiment, where the inlet and outlet of 
the fluid to be filtered is located below the vessel 6 
containing the filter elements 1 . 

The filter assembly in accordance with the in- 
vention further comprises an outlet header 2 which 
is connected to the individual outlet openings 3 of 
the filter elements 1. The filter elements are di- 
vided into a number of sections 10 each having 
one outlet header 2. Only one section is illustrated 
in Fig. 1. In the embodiment of Fig. 2, six sections 
of filter elements are illustrated, as best seen in 
Fig. 2c. The filter assembly further comprises valve 
means 4 located in the outlet conduits 5, which are 
connected to each of the outlet headers 2. 

The valve means can be any suitable type of 
valve, preferably valves which can be employed in 
a computer-controller automated system. Such 
valves include ball valves, clack valves or mem- 
brane valves. The headers or adapters 2 are de- 
signed to connect to the outlet openings 3 of a 
predetermined number of filter elements 1 . In this 
arrangement, gas flow through all of the elements 1 
in the section 10 can be controlled by the single 
valve 4 in the outlet conduit 5. Several sections 10 
of the filter elements can also be closed off si- 
multaneously. The filter elements in such filter sys- 
tems are generally of cylindrical form, whereby the 
outer portion of the cylinder is made up of the filter 
material. As shown in Fig. 1. the outer surface 9 of 
the filter material is in direct contact with the inte- 
rior of the vessel 6. The filter elements can be 
mounted onto the outlet header 2 in any convenient 
manner. The outlet header is preferably formed of 
a synthetic material, PVDF is particularly preferred. 



The filter assembly of the present invention is 
suited for applications in industry where the filter 
elements may be damaged through purification, 
decontamination or sterilization procedures which 

5 are necessary for reasons of product quality. For 
example in the beverage industry absolutely sterile 
conditions are required. After a production time, i.e. 
filtration operation time, of one or more days, such 
systems must be evacuated and subjected to a 

to sterilization treatment. The filter elements may be 
damaged due to the high temperatures and pres- 
sures used in sterilization, which is normally carried 
out with steam and/or hot water. If the filter ele- 
ments do not withstand such treatment or their 

75 material structure is altered, the specified and vali- 
dated removal efficiency is no longer available 
when the normal production operation of the sys- 
tem is restarted. 

According to the present invention, the integrity 

20 of the filter elements can be tested at this point, i.e. 
before restart of the filter operation. According to 
the present method, the integrity of the filter ele- 
ments is tested making use of a filter assembly 
sub-divided into a plurality of sections as described 

25 above. The test is based on the gas diffusion and 
bulk flow through liquid wetted filter elements. One 
important application of this method is sterile filter 
operations where microorganisms should be re- 
tained by the filter material. In this case, the pore 

30 size of the filter material must remain correspond- 
ingly small, in other words the sterilization treat- 
ment should not enlarge the pore sizes to the 
extent that microorganisms could pass the filter 
material. 

35 The integrity of the elements is determined by 

first wetting the filter material, preferably with water 
for hydrophilic membranes. If the filter material is 
hydrophobic, the wetting agent is preferably a sol- 
vent or alcohol or a liquid mixture of low surface 

■to tension. Wetting can be performed by filling the 
vessel 6 with the wetting agent through an inlet 
connection 11, followed by draining the vessel 
through an outlet connection 12. The wetting agent 
is selected depending on the filtration problem and 

45 the correspondingly selected filter material. 

After wetting, the filter elements are subjected 
to a fluid pressure. The test fluid can be supplied 
through the conduit 13 of Fig. 1. Depending on the 
application, the fluid can be a gas or a liquid, 

so although a gas is particularly preferred. Suitable 
gases include air or nitrogen. 

In the present embodiment, air is the preferred 
gas medium. The gas is supplied to the interior of 
the vessel at a pressure in the range of 50 to 6000 

55 mbar. When supplying the gas, the valves 4 in the 
outlet conduits 5 are held open. The pressure of 
the supplied gas is preferably maintained at a 
constant value during the testing procedure. 
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The resulting gas flow rate through the wetted 
filter material of all of the plurality of filter elements 
1 is then measured by a measuring device (not 
shown). This measured flow rate is compared with 
a desired flow rate which corresponds to the situ- 5 
ation in which the filters are in their intact condition. 
This desired flow rate can also be set to account 
for possible clogging of the filter element through 
previous use. Other operational parameters, for ex- 
ample the type of filter or how long it has been in w 
operation will also determine this value. If the de- 
viation between the measured flow rate and the 
first desired flow rate lies within a first preset 
range, this indicates that all of the filter elements 
are intact and the integrity test is completed with a 75 
positive result. 

On the other hand, when the measured gas 
flow rate exceeds the first desired flow rate by an 
amount greater than allowed by the first preset 
control range, the method of testing is continued 20 
further to locate the defective elements. In this 
embodiment, the gas passage is closed by means 
of the valves 4 through at least one section of the 
filter elements containing a portion of the plurality 
of filter elements. As indicated above, either one of 25 
the sections 10 or several such sections can be 
closed off simultaneously by actuation of the in- 
dividual valves 4, as is best seen in Fig. 2. 

Having closed off at least one section, the gas 
flow rate through the wetted filter material of the 30 
remaining filter elements is now measured. This 
new flow rate is then compared to a second de- 
sired flow rate corresponding to the resulting re- 
duced number of filter elements available for gas 
passage. From this comparison, the deviation is 35 
determined and compared with a second preset 
range, which may also be different from the first 
preset range depending on the number of filter 
elements available. When this deviation is within 
the second preset range, this indicates that the 40 
filter elements passed are intact, while the one or 
more sections of filter elements which have been 
closed off must contain the defective elements. If 
the newly measured flow rate, on the other hand, 
exceeds the second desired flow rate by an 45 
amount outside of the allowed range, the steps 
above are repeated where the gas passage is 
closed off for successive individual sections or 
possibly further groups of sections until a single 
section of filter elements is located having the 50 
defective element or elements. 

The particular choice of which section or group 
of sections is closed off first, or what sections at 
what locations in the vessel are closed off in what 
sequence will depend on the particular application. 55 
This may also depend on the operator of the filtra- 
tion system who has knowledge of which groups or 
sections of elements have been operating in the 



system longer and are more likely to lose their 
filtration capacity. 

After the single section having defective ele- 
ments is isolated, the individual elements can be 
examined one by one. It has been found through 
experimentation that a reliable test of integrity can 
be performed when up to 40 filter elements are 
contained in each section. It is presently preferred 
that each section comprise 2 to 15 filter elements, 
more preferably 3 to 7 filter elements. 

The present method is particularly suitable for 
sterile filtration systems where the filter material of 
the filter elements is of the membrane type. Such 
filter membrane material will present a barrier to 
bacteria or to micro-organisms possibly contained 
in the fluid to be filtered. The present method and 
filter assembly therefore is particularly suited but 
not limited to application in the beverage and phar- 
maceutical industries. 

It is also contemplated that the entire method 
be fully automated. The necessary servo-mecha- 
nisms for controlling the valves for gas inlet and 
outlet belong to the filtration system. Means for the 
measurement of flow rates are well-known in the 
art. Computational means for performing the com- 
parisons of measured and desired flow rates are 
also well-known in systems control. 

Claims 

1. A method of testing the integrity of filter ele- 
ments in a filter assembly comprising a plural- 
ity of filter elements which are sub-divided into 
a plurality of sections, said method comprising 
the steps: 

a) wetting the filter material of said plurality 
of filter elements, 

b) subjecting the filter elements with wetted 
filter material to a gas pressure, 

c) measuring the bulk gas flow rate through 
the wetted filter material of all of said plural- 
ity of filter elements, and 

d) determining whether the measured flow 
rate deviates from a first desired flow rate 
by an amount within a first preset range, 
wherein a deviation within said preset range 
indicates that all filter elements are intact. 

2. Method of claim 1 wherein when the measured 
bulk gas flow rate exceeds said first desired 
flow rate by an amount greater than allowed by 
said first preset range, step (d) is followed by 
the steps, 

e) closing the gas passage through at least 
one section of filter elements containing a 
portion of said plurality of filter elements, 

f) measuring the bulk gas flow rate through 
the wetted filter material of the remaining 
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filtered, each filter element having a filter ma- 
terial surface (9) in direct contact with said 
fluid to be filtered. 

5 10. Filter assembly of claim 8 or 9, wherein each 
said section of filter elements connected to 
each said outlet header (2) comprises in the 
range of 2 to 15 filter elements, in particular in 
the range of 3 to 7 filter elements. 

w 



3. Method of claim 2, wherein when the mea- 
sured bulk gas flow rate of step f) exceeds 
said second desired flow rate by an amount 
greater than allowed by said second preset 
range, the steps e), f) and g) are repeated 
while closing the gas passage in step e) for 
other sections of said plurality of filter ele- 
ments until a deviation is found in step g) 
indicating a single section of filter elements in 
which at least one filter element is not intact. 

4. Method of one of the preceding claims, 
wherein said gas pressure is in the range of 50 
to 6000 mbar. 

5. Method of one of the preceding claims, 
wherein said gas pressure is held at a constant 
value. 

30 

6. Method of one of the preceding claims wherein 
said gas is air. 

7. Method of one of the preceding claims wherein 

said filter elements have been subjected to a 35 
sterilization at high temperatures prior to said 
integrity testing. 

8. A filter assembly for carrying out the method 

of one of the claims 1 to 7 comprising: 40 

a plurality of filter elements (1), where said 
plurality of filter elements is divided into a 
plurality of sections (10) each containing a 
portion of said filter elements, 45 

an outlet header (2) connected to each one of 
said plurality of sections (10), said header 
communicating with the individual outlet open- 
ings (3) of the filter elements in said each one so 
section, 

valve means (4) arranged in an outlet conduit 
(5) connected to each outlet header (2). 

55 

9. Filter assembly of claim 8, wherein said plural- 
ity of filter elements (1) are arranged in a 
common vessel (6) containing the fluid to be 



filter elements, and 

g) determining whether the measured flow 
rate of step f) deviates from a second de- 
sired flow rate corresponding to the result- 
ing reduced number of filter elements by an 
amount within a second preset range, 
wherein a deviation within said second preset 
range indicates that one or more of the filter 
elements in said at least one section of step e) 
is not intact. 
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